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© Optical communications systems. 

© In an optical communications system including a 
transmitter (laser 1) and a receiver, with an optical 
amplifier (3) and an optical filter (4) therebetween, 
the position of the passband of the optical filter (4) is 
adjusted automatically in dependence on a received 



pilot carrier signal frequency transmitted with the 
data. This facilitates initial selection of transmitter 
laser (1) and avoids the need for transmitter laser 
frequency stabilisation. The optical filter acquires 
and tracks the optical carrier used by the transmitter 
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This invention relates to optical communica- 
tions systems and in particular to optical commu- 
nications systems including optical amplifiers. 

Optical communications systems in which data 
is transmitted between transmitter and receiver ter- 
minals over optical links, in particular optical fibre 
links, may employ optical amplifiers comprised by 
semiconductor devices or erbium doped silica fi- 
bres, for example, in the optical links. The use of 
an optical amplifier enhances the sensitivity of the 
optical receiver at the receiver terminal. The de- 
gree of enhancement depends on the amount of 
optical filtering used between the optical amplifier 
(also known as an optical pre-amplifier) and the 
receiver. In principle, the narrower the filter, the 
higher the sensitivity enhancement However, the 
use of narrow band optical filters has two disadvan- 
tages. The first is the requirements it imposes on 
the selection of the transmitter laser wavelength 
and the second is the requirement it imposes on 
the stability of the transmitted wavelength with time 
over the lifetime of the system. 

The present invention aims to remove both of 
these restrictions. 

According to the present invention there is 
provided an optical communications system com- 
prising an optical transmitter and an optical re- 
ceiver and including an optical amplifier and an 
optical filter arranged in series therebetween, data 
being transmitted by the transmitter to the receiver, 
and including means whereby an optical pilot car- 
rier signal is added to the data to be transmitted 
and means whereby the position of the passband 
of the optical filter is adjusted in dependence on 
the received optical pilot carrier signal frequency 
such that the passband tracks variations in the 
transmitted frequency. 

Embodiments of the invention will now be de- 
scribed with reference to the accompanying draw- 
ings, in which: 

Fig. 1 illustrates, schematically, a basic system 
which employs the present invention, and 
Fig. 2 illustrates, schematically, part of another 
system which employs the present invention. 

The basic optical communications system illus- 
trated in Fig. 1 comprises an optical transmitter 
(laser 1), an optical link 2 including an optical pre 
amplifier 3 and an optical filter 4 in series, and a 
receiver including a photodetector 5. In order to 
overcome the disadvantages referred to above, an 
adaptive optical subsystem is provided which en- 
sures that the optical filter 4 acquires and tracks an 
optical pilot carrier used by the optical transmitter. 
The construction and principle of operation of this 
subsystem will now be described. 

The transmitter adds a pilot carrier or signal 
(pilot) to the data to be transmitted. The frequency 
of the pilot carrier is chosen to be-below or-above 
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the frequency hand occupied by the data. The data 
and pilot signal are transmitted between the trans- 
mitter and the receiver and may be amplified by 
amplifiers (not shown) therebetween prior to reach- 

5 ing optical preamplifier 3. After passing through the 
optical filter 4, the pilot signal is detected differen- 
tially by the receiver including photodetector 5 and 
amplified by amplifier AM1. The received data are 
amplified by amplifier AM2, which is the low noise 

10 amplifier of the optical receiver. After AM1 the pilot 
signal is either filtered and rectified or, and as 
shown, it is mixed with a local reference frequency 
w re f to be detected synchronously by the square 
law detectors 7. The advantage of synchronous 

is detection over non-synchronous detection is the 
higher sensitivity of the former. After either of these 
operations the pilot signal is filtered by filter FL1 
and applied to an optical filter controller 6 which 
can either be comprised by a computer or dedi- 

20 cated electronics. Filter FL1 filters out the high 
frequency signal components generated by the de- 
tection (synchronous or non-synchronous). The op- 
tical filter 4 is a fixed bandwidth optical filter. For 
example, a multilayer interference filter. With such 

25 a filter the position of the passband can be ad- 
justed by adjusting the angle of incidence of the 
incoming radiation. The optical filter controller 6 
uses the output of filter FL1 to generate a signal 
which changes the frequency (wavelength) of the 

30 maximum response of the optical filter 4 so that it 
coincides with that of the transmitted optical carrier 
signal. In this way the position of the passband of 
the optical filter 4 always coincides with the trans- 
mitted optical signal and the sensitivity of the re- 

35 ceiver is maximised. 

This apparatus can be used with an intensity 
modulated format or with any of the coherent mod- 
ulation formats, such as frequency shift keying, 
phase shift keying or amplitude shift keying. Fur- 

40 ther it can be used with an optical preamplifier, as 
described above, and/or with optical line amplifiers 
(Fig. 2). 

A more detailed description of some aspects of 
the invention will now be given with reference to 

45 Fig. 2, which relates to an optical line amplifier 
application. Input light is applied to optical amplifier 
13 which is followed by optical filter 14, the optical 
output of which is transmitted on towards a distant 
receiver. The light required for the filter control is 

50 tapped off by means of fibre coupler 15 as illus- 
trated but this is not the only possibility. The filter 
control arrangement of Fig. 2 is the same as illus- 
trated in Fig. 1 and comprises a photodetector 16, 
detection means including sqare law detector 7 at 

55 the output of amplifier 18, a filter 19 and a com- 
puter or dedicated electronics comprising an op- 
tical filter controller 20. 
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Two phases of operation of the arrangements 
shown in Figs. 1 and 2 can be distinguished; car- 
rier acquisition and carrier tracking. These will now 
be described with referenc to Fig. 2. 

In the carrier acquisition phase, the peak of the 
passband response of the optical filter 1 4 does not 
coincide with the transmitted wavelength and the 
input to amplifier 18 is zero. Under these con- 
ditions the optical filter controller 20 initiates a 
search in the sense that the position of the pass- 
band of optical filter 14 is changed under control 
and the output of filter 19 continuously monitored. 
When the position of the passband of the optical 
filter 14 coincides with the transmitted carrier sig- 
nal, the output from filter 19 increases and that 
signals to the controller 20 that the optical carrier is 
within the then passband of the optical filter 14. At 
x this stage the acquisition phase is completed, 
searching stops and tracking commences. During 
the tracking phase any small changes in the carrier 
wavelength (frequency) are compensated by the 
controller 20 which, using the output of filter 19, 
commands the optical filter 14 to follow the 
changes in the carrier (pilot) wavelength. 

In summary, a pilot carrier is added to the data 
and both are transmitted over an optical path. At 
the receiver after an optical preamplifier, or simply 
after a repeater amplifier, the pilot is detected and 
a control system driven by the detected pilot en- 
sures that the position of the passband of an op- 
tical filter, between the preamplifier (or repeater 
amplifier) and an optical receiver, coincides with 
the transmitted optical carrier signal. 

The use of a tracking filter arrangement as 
described above makes the selection of lasers for 
optical systems using optical amplifiers very easy 
and furthermore the transmitter does not require 
frequency stabilisation. 

Claims 

1. An optical communications system comprising 
an optical transmitter (1) and an optical re- 
ceiver (5) and including an optical amplifier (3) 
and an optical filter (4) arranged in series 
therebetween, data being transmitted by the 
transmitter to the receiver, characterised by 
including means whereby an optical pilot car- 
rier signal is added to the data to be transmit- 
ted and means (AM1, 7, FL1, 6) whereby the 
position of the passband of the optical filter (4) 
is adjusted in dependence on the received 
optical pilot carrier signal frequency such that 
the position of the passband tracks variations 
in the transmitted frequency. 

2. A system as claimed in claim 1 characterised 
in that the optical amplifier (3) is a preamplifier 



of the receiver and including means whereby 
the received pilot carrier signal is detected 
differentially at the receiver (5) from the output 
of the optical filter (4), amplified, filtered to 

5 remove high frequency signal components 

generated by said detection and applied to a 
controller (6) for the optical filter, the controller 
serving to change the frequency of the maxi- 
mum response of the optical filter so that it 

io coincides with that of the transmitted optical 

pilot carrier signal. 

3. A system as claimed in claim 1 characterised 
in that the optical amplifier is an optical line 

15 repeater amplifier (13) and including means 

whereby the pilot carrier signal at the output of 
the optical filter (14) is detected (16), amplified 
(18), filtered (19) to remove high frequency 
signal components generated by said detec- 

20 tion and applied to a controller (20) for the 

optical filter, the controller serving to change 
the frequency of the maximum response of the 
optical filter (14) so that it coincides with that 
of the transmitted optical pilot carrier signal. 

25 

4. A system as claimed in claim 2 or claim 3 
wherein the detected pilot carrier signal is fil- 
tered and rectified prior to said filtering. 

30 5. A system as claimed in claim 2 or claim 3 
wherein the detected pilot carrier signal is 
mixed with a local reference frequency prior to 
said filtering. 

35 6. A system as claimed in any one of the preced- 
ing claims wherein the optical amplifier is a 
semiconductor device. 

7. A system as claimed in any one of the preced- 
40 ing claims wherein the optical amplifier is an 

erbium doped silica fibre. 

8. A system as claimed in any one of the preced- 
ing claims wherein the optical filter is a mul- 

45 ti layer interference filter or another filter whose 

band pass position can be adjusted. 

9. A system as claimed in claim 2 or claim 3 
wherein the optical filter, detection means, am- 

50 plifying means, filtering means and said con- 

troller comprise a tracking filter which serves 
automatically initially to acquire the carrier sig- 
nal and then to track it. 

55 
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© Optical communications systems. 

© In an optical communications system including a 
transmitter (laser 1) and a receiver, with an optical 
amplifier (3) and an optical filter (4) therebetween, 
the position of the passband of the optical filter (4) is 
adjusted automatically in dependence on a received 
pilot carrier signal frequency transmitted with the 
data. This facilitates initial selection of transmitter 
laser (1) and avoids the need for transmitter laser 
frequency stabilisation. The optical filter acquires 
and tracks the optical carrier used by the transmitter 
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